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 +:	>Gentry, 1988, 1992; Robins, 1996; Robbins & Opler, 1997; 
Patterson  2006), some early authors proposed that ichneumonid diversity is low in 
Amazonia (Porter, 1978). These studies were based on small data sets, and the situation has 
changed in the 2000s, as new studies on Amazonian ichneumonid diversity have challenged 
the old paradigm (Sääksjärvi ., 2004; Gómez ., 2015; Veijalainen ., 2013). 
In this study, we compare observations of local species richness of pimplines and rhyssines 
across latitudes on the basis of field sampling we carried out in 21 sites on three continents. 
The two most intensively studied areas were in Peruvian Amazonia, where the sampled 
localities were selected so as to span different forest types (Sääksjärvi ., 2004; Goméz 
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159;<#GANISMS.—The parasitoid wasp family Ichneumonidae currently includes 
about 40 subfamilies, 1,600 genera and 24,000 described species (Aguiar ., 2013), 
making it the most species(rich family within Hymenoptera. Here we focus on two of the 
most extensively studied subfamilies in the Neotropical region, Pimplinae and Rhyssinae 
(e.g. Porter, 1978; Gauld, 1991; Gauld ., 1998, 2002; Sääksjärvi ., 2004; Gómez 
., 2009, 2014, 2015; Gómez & Yabar, 2015). 
The subfamily Pimplinae is a relatively large, cosmopolitan group with about 78 genera 
(Pham, 2013) and more than 1,500 described species worldwide (Yu ., 2012). This is the 
most biologically diverse of all ichneumonid subfamilies and it is associated with a wide 
range of hosts (Gauld, 1991). The species are mainly idiobiont ectoparasitoids of immature 
stages of holometabolan insects or idiobiont endoparasitoids of lepidopteran or hymenopteran 
pupae. However, the species of the 	
 genus(group are koinobiont ectoparasitoids 
of immature and mature spiders (Gauld & Dubois, 2006).  
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H$	:!	>Gómez ., 2015). According to Kamath 
& Gupta (1972), the species(richness of Rhyssinae is highest in the lowland rainforests of 
South(East Asia. In the Neotropical region the species are believed, on the basis of the known 
biology of a few Old World species, to be idiobiont ectoparasitoids of immature stages of 
endopterygote insects boring in wood (Gauld, 1991).  
 
STUDY SITES.— We carried out intensive long(term sampling in two sites in Peruvian 
Amazonia, Allpahuayo(Mishana in the north and Los Amigos in the south. In addition, we 
sampled 19 sites outside Amazonia. The distribution of these sites is shown in Fig. 1. 
Elevation, geographical coordinates and sampling effort of each locality are given in 
Supplementary materials (Table S1).  
Allpahuayo(Mishana National Reserve (3° 57(58’ S, 73° 25(26’ W) is located in northern 
Peruvian Amazonia in the department of Loreto. The climate is tropical, with mean annual 
precipitation of about 3000 mm and mean annual temperature of 26 °C (Marengo, 1998). 
Elevation is between 100 and 180 m above sea level and the prevailing vegetation is moist 
tropical forest according to the Holdridge (1967) classification. The environmental conditions 
have been described in Kalliola & Flores Paitán (1998). Our ichneumonid sampling was 
carried out in non(inundated areas (), where the terrain is divided among three 
main soil types. Flat low(lying areas often have soils derived from the marine Pebas 
formation of Miocene age. These soils are clayey in texture, relatively rich in nutrients, and 
mostly brownish(grey in colour (Kalliola & Flores Paitan, 1998). The tops of the plateau(like 
hills often have white sand soils, which are nutrient(poor and white or grey in colour. Loamy 
soils are probably derived from old river terraces (Kalliola & Flores Paitan, 1998). The 
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>Gómez, 2009). This is 
somewhat drier, cooler and more seasonal than in Allpahuayo(Mishana. Elevation varies 
between 230 and 270 m above sea level and the vegetation is moist tropical forest according 
to the Holdridge (1967) classification. For description of the environmental conditions, see 
Wilson & Sandoval (1996). The Los Amigos watershed comprises sediments dated from the 
Neogene and Quaternary that have been deposited during the last 20 million years (Pino, 
2007). Due to the proximity of the Andes, the soils are a mosaic of clayey, sandy, silty and 
gravelly materials, but extremely nutrient(poor soils such as white sands have not been 
reported for the area. Our ichneumonid sampling covered both non(inundated and seasonally 
inundated forests. In general,  soils are sandier, more acidic and poorer in nutrients 
than those located in the floodplains (Hovikoski ., 2005). 
Seven of our other 19 sampling localities are located in temperate South America between the 
regions of Maule (35°S) and Los Lagos (42°S) in Central Chile. One sampling locality is in 
Central America on Coiba island off the Pacific coast of Panama (7°N). This is a national 
park and the vegetation is moist tropical forest according to Holdridge’s classification. 
Eight sampling localities were established in the temperate region of Spain, between 38°N 
and 42°N; for details see Nieves(Aldrey (1995). 
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)*'G METHODS.—Our primary sampling method consisted of long(term Malaise 
trapping. A Malaise trap is an open tent(like structure widely used in entomological studies, 
and ichneumonid surveys in particular, because it is efficient in collecting insects that are 
strong flyers (Nieves(Aldrey & Rey del Castillo, 1991, Sääksjärvi ., 2004; Mayhew 
., 2009). Thanks to the popularity of Malaise traps, it was possible to find comparable data 
from earlier parasitoid studies, as the sampling effort can be conveniently expressed in terms 
of Malaise trap months (MTM). One MTM corresponds to one trap collecting in the field for 
a period of one month (or a combination of more traps that cumulatively operate for one 
month). 
In the Peruvian Allpahuayo(Mishana, we combined data from three separate field campaigns. 
The first one ran from August 1998 to January 1999 with 12 traps and had a total sampling 
effort of 41 MTM. The second ran from January 2000 to January 2001 with 15 traps and had 
a total sampling effort of 144 MTM. Both of these campaigns have been described by 
Sääksjärvi . (2004). The last campaign was conducted by 14 Malaise traps, four of which 
were active in April(December 2011 and ten in October(December 2011. The total sampling 
effort of these traps was 45 MTM, and details have been described by Gómez . (2015).  
In Los Amigos, nine Malaise traps were in operation in May(July 2008 with a total sampling 
effort of 27 MTM. The total sampling effort in Allpahuayo(Mishana and Los Amigos 
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GLOBAL COMPARISON OF PIMPLINAE AND RHYSSINAE SPECIES(RICHNESS.—
To evaluate global patterns in Pimplinae and Rhyssinae species richness we searched the 
literature for ichneumonid inventories that could be compared with our field data. Because 
the number of observed species is dependent on sampling effort, we only considered 
quantitative inventories that had used Malaise traps and in addition recorded the duration of 
sampling and/or the number of captured Pimplinae and Rhyssinae individuals. We found 76 
studies fulfilling these criteria. In most cases, relevant information for our analysis was not 
available in the original publication but was kindly provided by the authors of the studies (see 
Table S1).  
All the inventories were carried out in delimited sites with little altitudinal variation. In most 
cases, the variation within a locality was less than 200 meters. It was important to ensure that 
all data points represented single localities; if some had included longer altitudinal gradients 
than others, drawing conclusions about latitudinal patterns in local species richness would not 
be appropriate. Some published inventories only included data on the subfamily Pimplinae. 
Because this subfamily is much more abundant and species(rich than Rhyssinae (Gauld, 
1991) we used these data as well but identify them in the results. 
DATA ANALYSIS.—Our first aim was to document species accumulation patterns as a 
function of sampling effort in the Peruvian sites, for which time series data were available. 
Each sampling interval (originally 1 or 2 weeks) from each trap was used as a separate 
sampling unit. Species accumulation curves were obtained in two different ways. Firstly, the 
actual observed species accumulation was documented by aggregating consecutive sampling 
intervals from the beginning of a trap's operation to its end. Secondly, sampling units were 
combined in a random order, within habitat types only, to observe patterns of species 
accumulation at the site level.  
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lepidopteran larvae and pupae were reared, this indicates that only a small proportion of them 
were parasitized by ichneumonids.  
Overall, Cryptinae was the most abundant subfamily with 1,168 individuals (44% of the 
total), whereas Pimplinae with 205 individuals and Rhyssinae with 19 individuals represented 
smaller proportions of the total catch (5% and 0.7%, respectively). The individual Malaise 
traps differed greatly in how many individuals and species they captured per unit time, but 
there did not seem to be any systematic trend in this either among habitat types locally or 
between the two Peruvian sites (Fig. 2A, B). When species accumulation was related to the 
number of individuals captured, much more uniform trends were observed across the traps. 
There was only a modest tendency for species accumulation to slow down with increasing 
sampling efficiency (Fig. 2C).  
The Chao(1 estimates indicated that even at the largest sample sizes within habitat types, 
many species still remained unobserved (Fig. 3). The estimated number of unseen species 
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 8-2/1>Gaston & Gauld, 1993). Only four other sites can boast a 
sampling effort exceeding 100 MTM for Pimplinae and Rhyssinae, and none of these has 
reported more than 26 species (Table S1): Cerro Hacha in Costa Rica, Ria Lagartos in 
Mexico, Cabañeros in Spain and Kibale in Uganda. The two Peruvian localities show 
consistently higher numbers of Pimplinae and Rhyssinae species than most other sites when 
comparisons are made among subsamples based on an equivalent sampling effort (MTM; 
Fig. 4B). The difference becomes even more evident when comparisons are based on 
sampling efficiency (number of individuals; Fig. 5A).  
Peruvian Amazonia is known to have high habitat heterogeneity (Tuomisto ., 1995), and 
it has very high species(richness of trees (Gentry 1988, 1992), butterflies (Robins 1996, 
Robbins & Opler, 1997) and birds (Patterson ., 2006).  
Pimplinae and Rhyssinae, and idiobiont ichneumonids in general, have already been 
documented to be species(rich groups in the tropics (Gauld, 1991; Sime & Brower 1998; 
Quicke, 2012). These subfamilies are among the best(known groups of parasitoids in the 
Neotropics, but our results indicate that their species richness in Amazonia is even higher 
than previously reported by Sääksjärvi . (2004).  
Recent findings have demonstrated that the subfamily composition of idiobiont and 
koinobiont ichneumonids is rather similar in temperate and tropical regions (Veijalainen 
., 2013). Furthermore, also high numbers of koinobiont species have been discovered 
recently from the tropics (Broad ., 2011; Khalaim & Broad, 2013). These findings 
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% %$HGauld, 1991). Idiobiont parasitoids are clearly dominating, with the genus 
		 being especially abundant in the Neotropics.  

LATITUDINAL SPECIES(RICHNESS GRADIENT.—Our results lend no support to the 
anomalous latitudinal species(richness gradient that was originally proposed by Owen & 
Owen (1974), at least for the subfamilies Pimplinae and Rhyssinae. We found a lot of 
variation in species richness within latitudes but variable sampling effort makes the results 
difficult to interpret. If anything, the observed maxima of local species richness follow the 
usual species(richness gradient, i.e. the observed numbers of species peak in the tropics and 
decrease towards the poles. Owen & Owen (1974) examined samples collected in Northern 
Europe and in the Afrotropical region. They observed that “a quite extraordinary number of 
species was found once” in their samples, which suggests that the parasitoid wasp 
communities were only superficially sampled. Janzen & Pond (1975) and Janzen . (1976) 
agreed with the phenomenon of reverse latitudinal gradient but did not demonstrate that their 
sampling efforts were representative enough to support such broad generalizations. As a 
result, the phenomenon was popularized although it was based on data obtained from only a 
handful of study localities that were not even distributed along a proper latitudinal gradient. 
In our northern Peruvian site, two years of sampling with several Malaise traps was 
insufficient to obtain a complete representation of the species in any one locality. Such an 
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!%+ %$	>Gauld, 1991). However, this cannot be the only explanation 
since secondary forest had higher species(richness than the other habitats. This parallels 
results from Brazilian Amazonia, where moth species richness in secondary forest was 
consistently higher than in primary forest (Barlow ., 2007). The degree of dominance 
was also high in secondary forests: diversity (which takes species abundances into account) 
was clearly lower in secondary forests than in old(growth forests on loamy soils (Fig 5B), 
although there appeared to be no obvious difference in species richness (Fig 5A). 
It is noteworthy that half of the Pimplinae and Rhyssinae species that were observed in Los 
Amigos were not found in Allpahuayo(Mishana, and less than 20% of the observed species 
were shared between the two sites. This may partly be due to undersampling, as the species 
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)*'G EFFORT.—There was considerable variation among individual Malaise traps in 
how many specimens and species they captured per unit time. Indeed, it is obvious that the 
precise placement of a Malaise trap may have a considerable impact on how many insects it 
captures. On the other hand, the number of individuals captured was a good predictor of the 
number of species observed (Fig. 5A). This suggests that when the interest is in comparing 
species(richness or diversity values among sites, it is more important to ensure comparable 
sampling efficiency (number of individuals captured) than comparable sampling effort (time 
spent sampling). 
The total sampling effort in all our field localities (the red dots in Fig. 1) was 628 MTM, of 
which 257 MTM was focused on Peruvian Amazonia. The species accumulation curves for 
the different habitats showed that our sampling was nowhere near complete (Fig. 3–4; 
Colwell & Coddington, 1994). This was true even for the most intensively studied habitat 
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+$ 8Gauld (1991). After extensive sampling 
programs this number increased to a total of 195 species (Gauld ., 1998). Likewise, 
sampling conducted over a decade increased the number of Pimplinae species known from 
Vietnam from 39 to 122 (Pham 2013). In both of these tropical countries, it took several years 
of sampling to produce a significant increase in the species richness. In Peru, a total of 128 
Pimplinae and Rhyssinae species were recorded here from the two Amazonian localities, but 
more can be expected. 
Most studies on parasitoid wasps have been carried out in the northern hemisphere. This has 
left the southern hemisphere poorly known, including the recognised diversity hotspots there 
(Orme ., 2005). This situation may also be one reason for the fact that the known 
ichneumonid genera are heavily concentrated in the northern hemisphere (Quicke, 2012). In 
addition, most studies have focused on lowlands (Table S1), so information from mid and 
high altitude areas is sparse. Both of these biases in sampling need to be considered when 
studying the distributional patterns of ichneumonids. 

Morrison ., (1979) lamented that the sampling effort was insufficient in tropical and 
temperate regions to provide a clear understanding of species(richness patterns of these 
parasitoids, and we suggest that the situation has remained similar to the present day. Species 
accumulation curves from our intensively sampled Peruvian sites suggest that most of the 
study localities for which we have found published data (Table S1) are still too superficially 
sampled to allow a reliable estimation of local ichneumonid species richness to be made. 
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
)+	
 Ginninderra 5 22 9.1 0.55 588(615 (35.15 149.03 Steinbauer ., (2006) 
Belize Las Cuevas 25 400 18 22.2 600 16.73 (88.98 *Bartlett ., (1999) 
Brazil Boqueirão 26 100 8 12.5 1100 (21.33 (44.98 *Tanque & Frieiro 2011 
Brazil Capão da Imbuia 47 620 70 8.9 900 (25.42 (49.23 Kumagai & Graf 2002 
Brazil Belo Horizonte 30 306 12 25.5 850 (19.87 (43.97 Kumagai 2002 
Brazil Santa Barbara 38 465 24 19.3 770(800 (19.88 (43.37 Tanque ., 2009 
Chile Alerce Andino 2 2 0.3 6.7 129(141 (41.58 (72.58 In this study 
Chile Conguillio 2 46 1.2 38.3 1195(1264 (38.63 (71.65 In this study 
Chile Huinay, Comau Fjord 2 104 4.25 24.47 45 (42.38 (72.42 In this study 
Chile Ñuble 2 5 1.3 3.8 754(765 (36.93 (71.55 In this study 
Chile Puyehue 1 2 0.5 4 367(558 (40.73 (72.32 In this study 
Chile R. N. Les Queules 4 44 37.17 1.18 420 (35.99 (72.71 In this study 
Chile Valle las Trancas 1 1 0.64 1.6 1220 (36.9 (71.48 In this study 
Chile Rio Clarillo 3 36 8 4.5 1600 (33.75 (70.42 Porter, 1997 
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#! /DGuapiles 26 87 18 4.8 400 10.15 (83.92 Gaston & Gauld 1993 
Costa Rica Casa Maritza 54 1289 75 17.2 600(650 10.95 (85.5 Gaston & Gauld 1993 
Costa Rica Cerro de Hacha 26 602 144 4.2 300(400 11 (85.55 Gaston & Gauld 1993 
Costa Rica Cerro de la Muerte 14 420 42 10 2700(2800 9.63 (83.8 Gaston & Gauld 1993 
Costa Rica Estacion Cacao 67 1239 84 14.8 1000(1100 10.93 (85.47 Gaston & Gauld 1993 
Costa Rica Estacion Pitilla 57 517 72 7.2 600(700 11 (85.43 Gaston & Gauld 1993 
Costa Rica Finca San Gabriel 21 76 6 12.7 650(700 10.88 (85.4 Gaston & Gauld 1993 
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#! Golfo Dulce Forest 32 383 45 8.5 100(200 8.75 (83.33 Gaston & Gauld 1993 
Costa Rica La Selva 25 152 12 12.7 50(75 10.43 (84.02 Gaston & Gauld 1993 
Costa Rica Monteverde 23 64 3 21.3 1300(1350 10.3 (84.8 Gaston & Gauld 1993 
Costa Rica Rio Agres 18 93 3 31 1500 9.88 (84.13 Gaston & Gauld 1993 
Costa Rica San Antonio de Escazu 47 590 84 7 1300 9.9 (84.13 Gaston & Gauld 1993 
Costa Rica Santa Rosa 40 1579 576 2.7 250(300 10.85 (85.62 Gaston & Gauld 1993 
Costa Rica San Vito 28 88 18 4.9 1200 8.8 (82.97 Gaston & Gauld 1993 
Costa Rica Vara Blanca 14 281 15 18.7 2100 10.15 (84.13 Gaston & Gauld 1993 
Costa Rica Villa Mills 8 144 54 2.7 3000(3100 9.57 (83.72 Gaston & Gauld 1993 
Costa Rica Zurqui de Moravia 29 102 15 6.8 1600 10.07 (84 Gaston & Gauld 1993 
El Salvador Ahuachapan 29 _ 1 _ 660(800 13.8 (89.85 * Gauld ., 2002 
El Salvador La Libertad 37 _ 1 _ 1000 13.65 (89.37 * Gauld ., 2002 
El Salvador San Vicente 22 _ 1 _ 1100 13.47 (88.52 * Gauld ., 2002 
El Salvador Santa Ana 24 _ 1 _ 1450 14.37 (89.27 * Gauld ., 2002 
El Salvador Usulutan 20 _ 1 _ 1480 13.47 (88.52 * Gauld ., 2002 
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%4lH 	 
 " & "/ /2 /7 &2- /&- # H
7
6
%! 

 lH 	 
 A A7A "/ -" 27 &/" //" # H
7
6
%! Gar(Cagire 21 169 13.5 12.5 1328(1500 42.95 0.7 Rome 2006 
Gabon Monts Doudou 3 4 3 1.3 110(630 (2.22 10.38 Van Noort 2004 
Greenland Northeast National Park 1 _ 21 _ 598(791 75.95 (29.93 
Várkonyi & Roslin, 
2013 
Guatemala Atlitan 6 17 0.6 28.3 1575(1685 14.52 (91.19 Veijalainen ., 2014 
Guatemala Montaña Chiclera 4 4 0.67 6 210(245 14.95 (88.87 Veijalainen ., 2014 
Honduras Cusuco 13 39 0.67 58.2 1210(1260 15.55 (88.24 Veijalainen ., 2014 
Honduras Guisayote 4 9 0.67 13.4 2090(2190 14.45 (89.07 Veijalainen ., 2014 
Honduras La Muralla 7 21 0.67 31.3 1410(1530 15.07 (86.74 Veijalainen ., 2014 
Iran Arangeh 4 5 16.6 0.3 1891 35.92 51.08 Mohammadi ., 2013 
Iran Astaneh(e(Ashrafieh 5 55 16.6 3.3 (1 37.36 49.95 Mohammadi ., 2013 
Iran Ghazichak 10 53 16.6 3.2 1803 36.75 50.32 Mohammadi ., 2013 
Iran Karaj 4 18 16.6 1.1 1278 35.77 50.93 Mohammadi ., 2013 
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 , 	! $6 %% - "A&- -/ 27& - &- 72" 9Giovanni ., 2014 
Malaysia Langat basin 28 84 27 3.1 50(200 2.73 101.44 Idris & Hainidah, 2003 
Malaysia Sungkai 8 22 21 1 60 3.97 101.25 Idris & Kee, 2002 
Mexico Ria Lagartos 11 181 168 1.1 0(4 21.6 (88.17 
Gonzalez & Bordera, 
2012 
Mexico Cañon del Novillo 12 99 12 8.3 420 23.68 (99.2 Perez(Urbina ., 2010 
Mexico Rancho Santa Elena 13 263 12 21.9 750 23.62 (99.2 Castillo ., 2014 
Mexico Los Tuxtlas 6 14 13 1.07 76(159 18.58 (95.05 Ruiz(Guerra ., 2013 
Nicaragua Cerro Jesus  11 31 0.76 40.8 1440(1780 13.97 (86.18 Veijalainen ., 2014 
Nicaragua Datanlí(El Diablo 18 45 0.7 64.3 1330(1440 13.12 (85.87 Veijalainen ., 2014 
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spiders. 
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Rhyssinae 
 81 13 15 9 IDC 
Pimplinae  11 1 5 1 IDC 
Pimplinae 		 44 4 12 5 IDC 
Pimplinae 7	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 9 2 1 1 IWC 
Pimplinae /
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